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Figure 1. Block diagram of an NPN transistor. Rb represents the base resistance of
approximately 50 Ω, while RNC and RNE represent the nonlinear resistances of the

transistor. CC and CE represent the capacitances of the transistor.
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Figure 2. Schematic of the amplifier circuit used in the experiments. The
component values are R1 = 40,420 Ω,  R2 = 204545 Ω, Rc = 15,000 Ω, Re = 3750 Ω, RL =

1 MΩ, C1 = C2 = 25 µF, C3 = 330 µF, L = 2200 µH, and the transistor T1 is of type 2n929.

The driving voltage is applied at the location marked V0 , and the output voltage is
measured at VL .
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Figure 3. Low-pass filtered signal VL when low frequency switching is present.

The low pass filter break frequency was 1 kHz.
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Figure 4(a) Unfiltered VL signal at the start of a switching event. (b) Unfiltered VL

at the end of a different switching event. The time scale of a complete switching event
was on the order of 0.1 s.
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Figure 5. Phase space plots of VC, the voltage at the collector, vs the driving
voltage V0 during the two different parts of a switching event. The two VC waveforms
have different DC components, leading to the large DC swings seen in Fig. 3.
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Figure 6. Frequency of the slow switching for different amplitudes and
frequencies of the driving signal, where black is the highest value and white corresponds
to zero. fn is the driving frequency normalized by the resonant frequency of the inductor-
transistor series resonant circuit. The lower graph gives the frequency scale for the upper
graph, where fs is the switching frequency.
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Figure 7. Bifurcation plot of VL from the transistor amplifier experiment strobed

when the driving signal V0 crosses 0 in the positive direction. fn is the driving frequency
normalized by the resonant frequency of the inductor-transistor series resonant circuit.
The amplitude of the driving signal was 5 V. The regions where period 2 or higher
behavior was seen in the bifurcation plot coincide with the regions where slow switching
was seen.
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Figure 8. Characteristic curves of the collector current IC vs. the collector-emitter
voltage VCE at different base currents for the 2n929 bipolar transistor used in the circuit of
Fig. 1. The base currents for these curves (starting at the bottom) were 0.5 µA, 1.7 µA,

2.9 µA, 4.1 µA, and 5.3 µA.
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Figure 9. Characteristic curves of the collector current IC vs. the collector-emitter
voltage VCE at different base currents for thepiecewise linear model of a transistor
amplifier. The base currents for these curves (starting at the bottom) were 0.19 µA, 0.67

µA, 1.1 µA, 1.6 µA, and 2.1 µA.
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Figure 10. Bifurcation plot from the model of eq. (6), with a driving amplitude of
15 V. fn is the driving frequency normalized by the resonant frequency of the inductor-
transistor series resonant circuit. The x1 signal was strobed on the positive-going zero
crossing of the driving signal.
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Figure 11. Time series of the strobed x1 signal from the model of eq. (6), when the
driving amplitude was 15 V and the driving frequency was 500 kHz (fn = 0.63). The
frequency of the large switching events is 115 Hz.
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Figure 12. Poincare sections of 2 signals from the model of eq. (6) (strobed at the
positive-going zero crossing of the drive signal) for a drive amplitude of 15 V and
frequency of 500 kHz. (a) is for the larger oscillation in Fig. 11, while (b) is for the
smaller oscillation.


